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(57) [OBJECT]

To increase the use efficiency of raw materials by
minimizing material loss, while complying with predeter-
mined regulatory requirements.

[SOLUTIONS]

A packaging and metering system includes a con-
troller 17 configured to divide packaged products 3
weighed by a weight sorting machine 4 into groups each
including plural ones of the packaged products 3 and to
determine per group whether the packaged products 3
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WEIGHT SORTING MACHINE, AND PACKAGING AND METERING SYSTEM

divided in the groups meet the regulatory requirement
based on weight values of the packaged products 3
measured by the weight sorting machine, thereby con-
trolling screening of the packaged products 3 by a screen-
ing machine 5, wherein with the packaged products 3 in
a group can be present on a transport conveyer 16 of a
transport path disposed to transport the packaged prod-
ucts 3 weighed by the weight sorting machine 4 to the
screening machine 5.
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Description
[TECHNICAL FIELD]

[0001] This invention relates to a packaging and metering system advantageously used to provide for a packaged
product with contents of a proper weight, wherein articles discharged from, for example, a combination scale are filled
in a packaging material, such as a packaging bag and weighed. This invention further relates to a weight sorting machine
used in the packaging and metering system.

[BACKGROUND ART]

[0002] An example of such packing and metering systems includes: a combination scale configured to combine and
weigh different articles, such as snacks, and discharge the weighed articles; a packaging machine configured to put the
articles discharged from the combination scale in a packaging bag to provide for a packaged product; and a weight
sorting machine configured to weigh the packaged product from the packaging machine and screen whether the packaged
product is a nonconforming or conforming product (patent document 1).

PRIOR ART DOCUMENT

PATENT DOCUMENT

PATENT DOCUMENT 1

[0003] Japanese Laid-Open Patent Application No. 2010-175514
SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] The European countries adopted the generally called average system applicable to the manufacturers/sellers
of packaged products. According to the average system, it is acceptable that as far as an average weight of contents
of the packaged products to be sold is greater than or equal to the nominal weight, the packaged products, in which
contents weight is less than a nominal weight, may be contained in a part of packaged products to be sold. This average
system is directed to fair prices of the packaged products, ultimately protecting the consumer’s benefits.

[0005] This average system sets forth the EC regulations as below for the weight of the contents of a packaged product.
[0006]

1) An average contents weight value of conforming packaged products in sellable condition is greater than or equal
to a contents nominal weight Qn.

2) A first lower-limit weight value T1 = Qn - TNE and a second lower-limit weight value T2 = Qn - 2- TNE are defined
according to the values of the nominal weight Qn and tolerance negative error TNE shown in Table 1. Among all of
packaged products in sellable condition, 2.5% or less is a ratio (percentage) of packaged products containing
contents that weigh less than or equal to the first lower-limit weight value T1 and greater than the second lower-
limit weight value T2.

3) No packaged product containing contents that weigh less than or equal to the second lower-limit weight value
T2 is included in packaged products in sellable condition.

Table 1
Values of Nominal Weight TNE
less than 5 g Og
5 g to less than 50 g 9% of nominal weight
50 g to less than 100 g 45¢g
100 g to less than 200 g 4.5 % of nominal weight
200 g to less than 300 g 9g
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(continued)
Values of Nominal Weight TNE
300 g to less than 500 g 3.0% of nominal weight
500 g to less than 1,000 g 159
1,000 g to less than 10,000 g | 1.5% of nominal weight
10,000 gtolessthan 15,0009 150 g
15,000 or more 1% of nominal weight

[0007] The packaged product manufactures must comply with the EC regulations in order to manufacture and sell
packaged products of the nominal weight Qn in the EC nations.

[0008] Hereinafter is discussed the manufacturing of packaged products in compliance with the EC regulations using
a packing and metering system as described in the patent document 1, including: a combination scale configured to
combine and weigh different articles, such as snacks, and discharge the weighed articles; a packaging machine configured
to fill the articles discharged from the combination scale in a packaging bag to provide for a packaged product; and a
weight sorting machine configured to weigh the packaged product from the packaging machine and screen whether the
packaged product is a conforming or nonconforming product.

[0009] In the combination scale are conventionally set a target combined weight value Wt and an upper-limit weight
value Wu greater than the target combined weight value Wt. The combination scale variously combines the weight
values of articles supplied to a plurality of weigh hoppers and selects, from combinations falling within a predetermined
weight range defined by the target combined weight value (lower-limit weight value) Wt and the upper-limit weight value
Wou, an optimal combination of weigh hoppers having a total weight (combined weight) most approximate to the target
combined weight value.

[0010] Thearticlesdischarged fromthe selected optimal combination of weigh hoppers, namely, the articles constituting
the selected combination are dropped into a packaging machine installed beneath the combination scale. The articles
are then put in a packaging bag by the packaging machine to obtain a packaged product.

[0011] The combination scale thus selects weigh hoppers constituting a combination most approximate to the target
combined weight value as an optimal combination from combinations falling within the predetermined weight range
defined by the target combined weight value (lower-limit weight value) Wt and the upper-limit weight value Wu. Therefore,
as illustrated with a broken line in Fig. 1, a combined weight (contents weight) distribution based on weight values
measured by a metering machine of the combination scale increases as more approximate to the target combined weight
value Wt, while decreasing as more approximate to the upper-limit weight value Wu. The distribution, however, does
not appear in an area showing values less than the target combined weight value Wt and an area showing values greater
than or equal to the upper-limit weight value Wu.

[0012] On account of variability errors of the metering machine in the combination scale, however, a true weight
distribution of the selectively combined articles, in fact, appears in areas showing values less than the target combined
weight value Wt and greater than or equal to the upper-limit weight value Wu, as illustrated with an alternate long and
short dash line in Fig. 1.

[0013] Thus, the true weights of the selectively combined articles are variable as shown with the alternate long and
short dash line. Therefore, the weight values of these selectively combined articles measured by a weight sorting machine
with variability errors are distributed as illustrated with a solid line in Fig. 1.

[0014] As illustrated in Fig. 1, an average weight value Wxa of the selectively combined contents (articles) in the
packaged products is greater than the target combined weight value Wt, and the weight values of the selectively combined
articles measured by the weight sorting machine are distributed with a certain extent of variability centered on the average
weight value Wxa.

[0015] To manufacture the packaged products that comply with the EC regulations, the before-mentioned 1) of the
EC regulations is an essential requirement; average contents weight value > nominal weight Qn of contents. Importantly,
the average weight value Wxa obtained by the weight sorting machine is ensured to be greater than the nominal weight
Qn when the articles are combined, weighed, and packaged by the packaging machine based on the target combined
weight value Wt set in the combination scale. The packaged products are then transported to and weighed by the weight
sorting machine in the order they are transported and accordingly sorted out.

[0016] An exemplified operation of the weight sorting machine to meet the requirement 1) is described below. The
weight sorting machine, every time when measuring the weight value of the packaged product transported from the
packaging machine and calculating the weight of its contents by subtracting an average weight value of the packaging
materials from the measured weight value of the packaged product, may add the contents weight currently obtained
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from the packaged product to an integrated weight value of contents weights of packaged products determined by then
as the conforming product to update the integrated weight value. The weight sorting machine may then divide the updated
integrated weight value by the number of packaged products determined by then as the conforming product plus one
current packaged product to calculate the average weight value Wxa. Then, the weight sorting machine may compare
the average weight value Wxa to the nominal weight Qn to determine whether the current packaged product meets the
requirement 1).

[0017] Owing to variability of contents weights, some packaged products with contents that weigh slightly less than
the nominal weight Qn may continue to be transported. When such an event occurs, the average weight value Wxa of
package contents then is automatically set to a lower value than the nominal weight Qn if the target combined weight
value Wt is set in the combination scale such that the average weight value Wxa of package contents obtained by the
weight sorting machine is as approximate to the nominal weight Qn as possible. Although the contents of packaged
products later transported may be substantially greater than the nominal weight Qn, the packaged products with contents
of smaller weight values transported earlier are removed as the nonconforming product.

[0018] In the packaged products thus removed as the nonconforming product, depending on the properties of their
contents, its contents may not be reused mostly and have to be disposed of. This is quite a drawback that degrades the
use efficiency of raw materials.

[0019] According to the prior art, whether to meet the EC regulations needs to be determined for each one of the
packaged products in the order they are transported every time when the measured weight value of its contents is
obtained. An example is given, in which a packaged product with contents substantially greater than the nominal weight
Qn is transported after packaged products with contents that weigh slightly less than the nominal weight Qn are contin-
uously transported, or one packaged product with contents that weigh substantially less than the nominal weight Qn is
transported. According to the conventional per-product screening of the packaged products in the order they are trans-
ported, these packaged products including the substantially heavier packaged product are summed to calculate the
average weight value Wxa. Then, any packaged product with contents of a smaller weight value transported earlier,
which is not supposed to be the nonconforming product, may be wrongly removed as the nonconforming product. Again,
this is quite a drawback that degrades the use efficiency of raw materials.

[0020] For reduction of such packaged products wrongly removed as the nonconforming product, the target combined
weight value Wt of the combination scale needs to be large enough to ensure that the average weight value Wxa of the
contents obtained by the weight sorting machine is substantially greater than the nominal weight Qn. Then, it follows
that the manufactures are forced to increase weight values of contents to be packaged by using more raw materials
than they should. Such poor use efficiency of raw materials is detrimental to the profits of manufacturers.

[0021] This invention, to solve these problems according top the prior art, may provide for higher use efficiency of raw
materials by minimizing any unnecessary material loss, while complying with the prescribed regulations.

[SOLUTIONS TO THE PROBLEM]
[0022] To this end, this invention is advantageously characterized as described below.
1) A packaging and metering system according to the invention includes:

a weight sorting machine configured to weigh packaged products; and

a screening machine configured to perform screening to select a conforming packaged product from the pack-
aged products weighed by the weight sorting machine,

the screening of the packaged products being performed to meet a regulatory requirement defining a lower-
limit value of an average weight value or an integrated weight value of contents in the packaged products
selected as the conforming packaged product,

the packaging and metering system further including a controller configured to divide the packaged products
weighed by the weight sorting machine into groups each including plural ones of the packaged products and
to determine per group whether the packaged products divided in the groups meet the regulatory requirement
based on weight values of the packaged products measured by the weight sorting machine, the controller further
being configured to control the screening of the packaged products by the screening machine in a manner that
the packaged product not meeting the regulatory requirementis excluded as a nonconforming packaged product,
wherein

the plural ones constituting the group can be present on a transport path disposed to transport the packaged
products weighed by the weight sorting machine to the screening machine.

According to the packaging and metering system provided by the invention, whether to meet the regulatory require-
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ment defining the lower-limit average weight value or integrated weight value of contents in the conforming packaged
product is not determined for each of the packaged products in the order they are transported but is determined for
the packaged products in each group collectively irrespective of the transport order of the packaged products within
a group. According to the conventional per-product screening, one packaged product transported earlier than the
others, if its weight value is too small to meet the regulation, is confirmed as the nonconforming product and excluded.
On the other hand, the per-group screening collectively checks the weight values of a group consisting of the one
packaged product small in weight and other packaged products that follow and may have greater measured weight
values. Then, the average weight value or integrated weight value may be a larger value, increasing the chance of
meeting the regulatory requirement. This may avoid the risk of the packaged product small in weight being excluded
as the nonconforming product, consequently reducing the packaged products that may be excluded as the noncon-
formingproduct. Further, the per-product screening, owing to larger weight variability from one packaged product to
another, may necessitate substantial increase in raw materials of contents to be filled in each packaging material
to ensue a higher average weight value orintegrated weight value than the lower-limit weight that meets the regulatory
requirement. In contrast, the per-group screening according to the invention may be less likely to be affected by
such variability, reducing raw materials used in each packing material as compared to the per-product screening.
Advantageously, this packaging and metering system may minimize unnecessary loss of raw materials, while com-
plying with the regulatory requirement, improving the use efficiency of raw materials.

2) In a preferred aspect of the packaging and metering system according to the invention, the transport path is
provided with a transport conveyer that can be loaded with as many as or more than the packaged products in a
group to transport the loaded packaged products to the screening machine.

This transport conveyer is preferably exactly loaded with the packaged products in a group. The transport conveyer,
however, may be loaded with more than the packaged products in a group, including a packaged product(s) in a
subsequent group.

According to this aspect of the packaging and metering system, as many as or more than the packaged products
in a group can be loaded on the transport conveyer that transports the packaged products weighed by the weight
sorting machine to the screening machine. Irrespective of the transport order of the packaged products within a
group, whether to meet the regulatory requirement may be determined to decide on the pass/fail of the packaged
products while the packaged products in the group are still on the transport conveyer.

3) In another preferred aspect of the packaging and metering system according to the invention, when the regulatory
requirement is not met, the controller determines each one of the packaged products in a group as the nonconforming
product in the order of smaller to larger measured weight values until the regulatory requirement is met.
According to this aspect of the packaging and metering system, when the regulatory requirement is not met, the
controller, until the regulatory requirement is finally met, determines each one of the packaged products in a group
as the nonconforming product in the order of smaller to larger measured weight values, starting with the smallest
value, irrespective of the transport order. In this manner, less packaged products may be confirmed as the noncon-
forming product for clearance of the regulatory requirement, in other words, more packaged products may be
confirmed as the conforming product. This may be a very advantageous feature over the per-product screening
wherein the packaged products with too small measured weight values to meet the regulatory requirement are each
confirmed as the nonconforming product in the order they are transported.

4) In yet another preferred aspect of the packaging and metering system according to the invention, the regulatory
requirement defining the lower-limit value of the average weight value or the integrated weight value of contents in
the packaged products selected as the conforming packaged product is defined as a first regulatory requirement,
and a second regulatory requirement defining a range of weight values of contents in the packaged products selected
as the conforming packaged product is further defined, the screening of the packaged products being performed to
meet the first regulatory requirement and the second regulatory requirement, and

the controller is further configured to control the screening of the packaged products by the screening machine by
determining per group whether the packaged products meet the first regulatory requirement and the second regu-
latory requirement.

This aspect of the packaging and metering system may obtain the packaged product that meets the first regulatory
requirement defining the lower-limit value of the average weight value or integrated weight value of contents in the
packaged products and the second regulatory requirement defining a range of weight values of contents in the
packaged products.

5) In yet another preferred aspect of the packaging and metering system according to the invention, the regulatory
requirement defines that the average weight value or the integrated weight value of contents in the packaged products
selected as the conforming packaged product is greater than or equal to a nominal weight of the packaged products
or greater than or equal to a value obtained by multiplying the nominal weight by the number of the packaged
products selected as the conforming packaged product by the screening machine.

This aspect of the packaging and metering system may obtain the packaged product meeting the regulatory re-
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quirement defining that the average weight value or the integrated weight value of contents in the packaged products
selected as the conforming product is greater than or equal to the nominal weight of the packaged products or
greater than or equal to a value obtained by multiplying the nominal weight by the number of the packaged products
selected as the conforming packaged product by the screening machine.

6) In yet another preferred aspect of the packaging and metering system according to the invention, the controller
determines whether the weight value of contents in the packaged product falls within a range of management criteria
based on a latest screening result of plural ones of the packaged products, and

the system further comprises a notifying device configured to notify that the weight value of contents in the packaged
product is out of the range of management criteria when the controller determines that the weight value is out of the
range.

According to this aspect of the packaging and metering system, it is notified that the weight value of contents in the
packaged product fails to stay within the range of management criteria whenever determined so. This may allow
for adjustment of contents to be filled in by a packaged product manufacturing apparatus.

7) A weight sorting machine according to the invention is a weight sorting machine configured to weigh packaged
products and control a screening machine configured to select from the weighed packaged products a conforming
packaged product,

the weight sorting machine including a controller configured to divide the weighed packaged products into groups
each including plural ones of the packaged products, the controller further being configured to control the screening
of the packaged products by the screening machine by determining per group whether the packaged products
divided in the groups meet a regulatory requirement defining a lower-limit value of an average weight value or an
integrated weight value of contents in the packaged products selected as the conforming packaged product, wherein
the packaged products in a group can be present on a transport path disposed to transport the packaged products
weighed by the weight sorting machine to the screening machine.

[0023] According to the weight sorting machine provided by the invention, whether to meet the regulatory requirement
defining the lower-limit average weight value or integrated weight value of contents in the conforming packaged product
is not determined for each of the packaged products in the order they are transported but is determined for the packaged
products in each group collectively irrespective of the transport order of the packaged products within a group. According
to the conventional per-product screening, one packaged product transported earlier than the others, if its weight value
is too small to meet the regulation, is confirmed as the nonconforming product and excluded. On the other hand, the
per-group screening collectively checks the weight values of a group consisting of the one packaged product small in
weight and other packaged products that follow and may have greater measured weight values. Then, the average
weight value or integrated weight value may be a larger value, increasing the chance of meeting the regulatory require-
ment. This may avoid the risk of the packaged product small in weight being excluded as the nonconforming product,
consequently reducing the packaged products that may be excluded as the nonconforming product. Further, the per-
product screening, owing to larger weight variability from one packaged product to another, may necessitate substantial
increase in raw materials of contents to be filled in each packaging material to ensue a higher average weight value or
integrated weight value than the lower-limit weight that meets the regulatory requirement. In contrast, the per-group
screening according to the invention may be less likely to be affected by such variability, reducing raw materials used
in each packing material as compared to the per-product screening.

[0024] The weightsorting machine may advantageously provide for higher use efficiency of raw materials by minimizing
any unnecessary material loss, while complying with the regulatory requirement.

EFFECTS OF THE INVENTION

[0025] According to the invention, whether to meet the regulatory requirement is not determined for each of the
packaged products in the order they are transported but is determined for each of the groups of packaged products
collectively irrespective of the transport order of the packaged products within a group, and whether the packaged product
is the nonconforming packaged product is determined in the order of smaller to larger measured weight values based
on the prescribed regulatory requirements. Such a technical advantage may provide for higher use efficiency of raw
materials by minimizing any unnecessary material loss, while complying with the prescribed regulations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 is a graph of a weight value distribution of articles combined and weighed by a combination scale.
Fig. 2 is drawing of a schematic structure of a packaging and metering system according to an embodiment of the
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invention.

Fig. 3 is a schematic top view, illustrating the operation of a screening machine illustrated in Fig. 2.

Figs. 4 are drawings of registers in an arithmetic circuit of a controller illustrated in Fig. 2.

Fig. 5 is a flow chart to schematically illustrate the whole operation of a weight sorting machine.

Fig. 6 is a flow chart illustrating a process to decide magnitude ranks of measured weight values.

Fig. 7 is a drawing of a reference memory used in the process to decide magnitude ranks of measured weight values.
Fig. 8 is a flow chart illustrating a process to decide a weight range of measured weight values.

Fig. 9 is a flow chart illustrating a process relating to the requirement 1) of the EC regulations.

Fig. 10 is a flow chart illustrating a process relating to the requirement 2) of the EC regulations.

Fig. 11 is a flow chart illustrating a process to integrate measured weight values.

Fig. 12 is a flow chart illustrating a process to calculate a rate of nonconforming packaged products and an average
weight value of conforming packaged products.

Fig. 13 is a flow chart illustrating a screening process based on the rate of nonconforming packaged products and
the average weight value of conforming packaged products.

Fig. 14 is a flow chart illustrating a process with higher priority.

EMBODIMENTS OF THE INVENTION
[0027] Hereinafter, embodiments of this invention are described in detail referring to the accompanying drawings.
First Embodiment

[0028] Fig. 2 is drawing of a schematic structure of a packaging and metering system according to an embodiment of
the invention.

[0029] The system according to this embodiment manufactures packaged products that meet the EC regulations
described earlier by using a combination scale.

[0030] The system according to this embodiment is structurally characterized in that a combination scale 1 and a
packaging machine 2 constitute a packaged product manufacturing apparatus that manufactures packaged products 3.
This system has a weight sorting machine 4 that weighs the packaged products 3 delivered from the packaging machine
2, and a screening machine 5 that sorts out the packaged products 3.

[0031] The combination scale 1 combines and weighs articles such as snacks and discharges the weighed articles.
In the combination scale 1, a feeder, not illustrated in the drawing, feeds the articles (not illustrated in the drawing) at
the center of a distribution feeder 60. The distribution feeder 6 sends the articles by way of vibrations out to its peripheral
ends and into a plurality of linear feeders 7 radially disposed around the distribution feeder 6. The linear feeders 7 are
each equipped with a vibrator, so that the linear feeders 7 are thereby vibrated to transport the articles into a plurality
of feeding hoppers 8 disposed at positions below the delivery ends of the linear feeders 7. The feeding hoppers 8
temporarily retain the articles and open their open/close discharge gates at its bottom to throw the articles into weigh
hoppers 9 respectively disposed below the feeding hoppers 8. The articles thrown in the weigh hoppers 9 are weighed
by weight sensors 10, for example, load cells.

[0032] The detected weight values outputted from the weight sensors 10 are inputted to a controller 11 in the combi-
nation scale 1. The controller 11 performs combinatorial calculations based on the weight values detected by the weight
sensors 10 to select weigh hoppers 9 constituting a combination most approximate to a target combined weight value
as an optimal combination from combinations falling within a predetermined weight range defined by the target combined
weight value and an upper-limit weight value. Then, the controller 11 opens the discharge gates of the optimally combined
weigh hoppers 9 to discharge combined and weighed articles out of these weigh hoppers into a collecting chute 2 and
ultimately into the packaging machine 2.

[0033] The packaging machine 2 receives the articles discharged from the optimally combined weigh hoppers 9 of
the combination scale 1 and puts them in a packaging material such as a packaging bag to provide a packaged product
3. The packaging machine 2 then sends the packaged product 3 out onto a transport conveyer 13.

[0034] The weight sorting machine 4 includes a metering conveyer 15, aload cell 19, and a controller 17. The metering
conveyer 15 measures the weight of the packaged product 3 transported thereto by the transport conveyer 13 and a
carry-in conveyer 14. The load cell 19 supports the metering conveyer 15. The controller 17 receives the input of a load
signal from the load cell 19. As described later in further detail, the controller 17 determines based on the weight value
of the packaged product 3 measured on the metering conveyer 15 whether the packaged product 3 is a conforming or
nonconforming product. The packaged product confirmed as the nonconforming productis removed from a main transport
line 20 of the conveyer by aflipper, referred to herein as the screening machine 5, operated as illustrated in the schematic
top view of Fig. 3.

[0035] The controller 17 of the weight sorting machine 4 includes a touch-panel setting display unit (not illustrated in



10

15

20

25

30

35

40

45

50

55

EP 3 009 814 A1

the drawing). This setting display unit is used to input various settings and to display, for example, the number of
conforming packaged products and alarms. The controller 17 further includes an arithmetic circuit configured to count
and totalize results and to perform computing processes. This arithmetic circuit includes various counters and registers
described later.

[0036] For screening of the packaged product 3 meeting the EC regulations, a reference weight value Qt and first and
second allowable lower-limit values T1’ and T2’, which will be described later, are inputted and set via the setting display
unit in the controller 17 of the weight sorting machine 4. These values are criteria used to determine the nonconforming
product among the packaged products 3. The nonconforming product is selected from the packaged products 3 based
on their weight values measured on the metering conveyer 15.

[0037] This embodiment provides for the technical features described below to improve the use efficiency of raw
materials by minimizing any unnecessary material loss, while complying with the EC regulations.

[0038] The weight sorting machine 4, instead of determining whether to meet the EC regulations for each of the
packaged products 3 weighed to obtain the measured weight of its contents, divides the weighed packaged products 3
into a predetermined number of groups and determines whether to meet the EC regulations by each of the groups of
packaged products collectively irrespective of the transport order of the packaged products within a group.

[0039] If the screening machine 5 is located right behind the weight sorting machine 4, whether to meet the EC
regulations needs to be determined immediately after the packaged products 3 are weighed to measure the weight value
oftheir contents in the order they are transported, meaning that the packaged products 3 are eachindependently screened
in the order they are transported. Then, it is not possible to determine whether to meet the EC regulations by each group
consisting of a predetermined number of packaged products 3.

[0040] Forthe per-group screening to determine whether each group consisting of plural ones of the packaged products
3 meets the EC regulations, a transport conveyer 16 is disposed on a transport path for transport of the packaged
products 3 between the metering conveyer 15 and the screening machine 5 of the weight sorting machine 4. The transport
conveyer 16, while transporting the packaged products, can accommodate thereon the predetermined number of pack-
aged products.

[0041] The transportconveyer 16 has alength L that can accommodate at most a predetermined P-number of weighed
packaged products 3 including the packaged products 3 not yet removed from the metering conveyer 15 shortly before
the packaged products 3 weighed on the metering conveyer 15 of the weight sorting machine 4 arrive at a product
screening sensor 18, for example, including a photoelectric sensor, disposed at a position on the near side of the
screening machine 5. The number P, though not particularly limited as far as it is a number more than one, is preferably
a greater number. This embodiment defines the number P as approximately a dozen or more.

[0042] The transport conveyer 16 that can accommodate at most the P-number of packaged products in a group is
disposed between the weight sorting machine 4 and the screening machine 5. According to this structural advantage,
the measured weight values of all of the packaged products 3 in a group may be obtainable. The packaged products 3
may be then determined per group whether they meet the EC regulations in the order of smaller to larger measured
weight values irrespective of their transport order and then screened by the screening machine 5.

[0043] Accordingto this embodiment, the weight sorting machine 4 groups at most the P-number of packaged products
3 in one batch between the weight sorting machine 4 and the screening machine 5, and the measured weight values of
contents in the packaged products 3 in each group are collectively used as one unit to determine whether to meet the
requirements 1) to 3) to sort out the packaged products 3.

[0044] The weight sorting machine 4 determines whether the packaged products 3 meet the weight-related EC reg-
ulations based on the measured weight values of their contents. In addition to the nominal weight Qn and the first and
second lower-limit weight values T1 and T2 defined as weight-related criteria, the reference weight value Qt and first
and second allowable lower-limit values T1’ and T2’ are further defined as criteria in view of errors generated in the
weight sorting machine 5.

[0045] To decide the reference weight value Qt to be set in the weight sorting machine 4, weighing variability errors
and drift component Df of the weight sorting machine 4 are taken into account. A standard deviation of variability is, for
example, ow.

[0046] When "3", for example, is set as a sigma value for the true contents weight of the packaged product 3 slightly
lower than the nominal weight Qn, the contents weight of the packaged product 3 measured by the weight sorting
machine 4 possibly results in Qn + 3-cw owing to the weighing variability errors, or possibly results in Qn + 3 -ow + Df
owing to the drift component Df.

[0047] For the true contents weights of almost all of the packaged products 3 to be greater than or equal to the nominal
weight Qn, the reference weight value Qt relative to the measured weight value of the weight sorting machine 4 needs
to satisfy Qt = Qn + 3-cw + Df.

[0048] The requirement 1) of the EC regulations is expressed, based on the reference weight value Qt as follows;
average contents weight value of a group of packaged products > contents reference weight value Qt.

[0049] Comparing the average weight value of the packaged products per group to the reference weight value Qt, the
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average weight value is less variable with more packaged products to be averaged than one packaged product alone.
This, as compared to the per-product screening that compares the measured weight value of each packaged product
to the reference weight value Qt, may reduce any difference between the average measured weight value and the
reference weight value Qt. The target combined weight value in the combination scale 1 can be setto a value low enough
to be approximate to the reference weight value Qt. This may help to reduce the articles to be filled in each bag-like
packaging material, thereby improving the use efficiency of raw materials.

[0050] Accordingtothe per-productscreening of the packaged products 3, when two packaged products 3 successively
transported have measured weight values way below the reference weight value Qt, for example, the second packaged
product has to be excluded as the nonconforming product if accepting the second packaged product as the conforming
packaged product lowers the current average weight value to less than the reference weight value Qt.

[0051] By screening a whole group based in its average weight value, the packaged product 3 that weighs less than
the reference weight value Qt may be followed by the packaged product 3 having a measured weight value greater than
the reference weight value Qt, in which case a weight shortage of the preceding packaged product may be thereby
compensated. This may avoid the risk of any weighed packaged product small in weight being excluded, increasing the
chance of such a packaged product being confirmed as a conforming product.

[0052] Whether to meet the requirement 1) of the EC regulations may be determined by comparison of the integrated
weight value instead of the average weight value. In that case, an integrated contents weight value of a group of packaged
products > integrated reference weight value N-Qt, where N is the number of conforming packaged products in a group.
[0053] As for the variability errors with the N-number of measured weight values in the weight sorting machine 4, the
standard deviation is N'2-cw in the context of the integrated value, and (1/N'2)-cw in the context of the average value.
If statistics are introduced, the integrated reference weight value N-Qt and the reference weight value Qt may be both
preferably smaller, improving the use efficiency of raw materials.

[0054] Supposing that the sigma value "3" is the largest value of variability, and an integrated reference weight value
Qttis set as a reference value to evaluate the integrated weight value of the N-number of conforming packaged products
during the operation, the integrated reference weight value Qtt may be expressed by the formula given below in the form
of the function of N-number of conforming packaged products.

Integrated reference weight value Qtt = Fq (Nx) = Nx*Qn + 3-Nx"2?-ow+ Nx-Df

[0055] Inthe case of comparison based on the average weight value instead of the integrated weight value, an average
reference weight value Qta may be expressed by the formula given below.

Average reference weight value Qta = @n + 3-(1/Nx2)-ow + Df

[0056] This presents less likelihood to be affected by the variability with a larger number NXx, resulting in a smaller
reference weight value.

[0057] It should be understood that a constant reference weight value may be presented irrespective of the number
of packaged products as expressed by the formulas given below.

Reference weight value Qt = (Qn + 3-ow + Df)

Integrated reference weight value Qtt = Nx-Qt = Nx-(Qn + 3-ow + Df)

[0058] The constant reference weight value, however, may increase as compared to the statics-considered reference
weight value, degrading the use efficiency of raw materials in proportion to the increase.

[0059] The sigma value representing the largest variability is not limited to "3" but may be "2" or "3.5".

[0060] Whether to meet the requirements 2) and 3) of the EC regulations is determined for the measured weight value
of one packaged product 3. The first allowable lower-limit weight value T1’ and the second allowable lower-limit weight
value T2’ are expressed by the formulas given below.

T1’=T1 + 3:ow+Df = @Qn + TNE + 3-ow + Df
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T2’=T2 + 3:ow + Df = Qn + 2-TNE + 3-ow+Df

[0061] Asexpressed by these formulas, the first and second allowable lower-limit weight values T1’ and T2’ are decided
by estimating the weighing error of one measured weight value in addition to the first and second lower-limit weight
values T1 and T2.

[0062] The standard deviation ow of the variability errors in the weight sorting machine 4 is calculated as follows. A
sample packaged product 3 having a weight approximate to a predetermined nominal weight is prepared in the combi-
nation scale 1 and repeatedly weighed subsequent to a conditioning operation under the same weighing condition as
in the actual operation (for example, conveyer speed) to calculate the standard deviation ow from the obtained measured
weight values. The calculated standard deviation cw is set in the weight sorting machine 4.

[0063] The drift component Df may differ depending on environmental conditions of where the weight sorting machine
4 is installed and zero adjustment status. Therefore, an optional value may be setby a userin the weight sorting machine 4.
[0064] By inputting the standard deviation ow, drift component Df, nominal weight Qn, and first and second lower-limit
weight values T1 and T2 to the setting display unit of the controller 17 in the weight sorting machine 4, the controller 17
calculates the reference weight value Qn, integrated reference weight value Qtt, and first and second allowable lower-
limit weight values T1’ and T2'.

[0065] Anaverage weightvalue Wpa of packing materials used to wrap the articles (contents) of the packaged products
3 is also set in the weight sorting machine 4 to calculate the contents weight from the measured weight value of the
packaged product 3.

[0066] If the weight variability of packaging materials is too large to be disregarded relative to the variability errors of
the weight sorting machine 4, a standard deviation cpa of the weight variability of packaging materials may be included
in the standard deviation ow of the weight variability of the weight sorting machine 4, in which case ow is replaced with
ow’ = (ow? + opa?)'’2, Normally, the packaging material is much lighter than the contents of the packaged product 3,
and its variability opa is accordingly small enough to be disregarded as compared to ow.

[0067] A contents weight Wx of the packaged product 3 is calculated by the formula given below, where Wpa is the
average weight value of packaging materials, and Wx’ is the measured weight value of the packaged product 3 in the
weight sorting machine 4.

Wx = Wx’— Wpa

[0068] According to this embodiment, one group consists of at most the P-number of one-batch packaged products
3 present between the weight sorting machine 4 and the screening machine 5, and whether to meet the requirements
ofthe ECregulations is determined for the measured weight values of each group used as one unit. When the requirements
are not met, the packaged products in each group are confirmed as the nonconforming product, not in the order they
are transported but in the order of their smaller to larger measured weight values, until the requirements are finally met.
[0069] This screening process is schematically described below.

[0070] To startwith, the weighed packaged products 3 are divided into a predetermined number of groups. Then, the
measured weight values of contents in the one-batch packaged products 3 per group are compared and ranked in the
order of smaller to larger values.

[0071] Pursuant to the requirement 3) of the EC regulations, any packaged product with contents having a measured
weight value less than or equal to the second allowable lower-limit value T2’ is confirmed as the nonconforming packaged
product. Then, whether to meet the requirement 1) of the EC regulations is determined for any other packaged products
3 but the one(s) confirmed as the nonconforming packaged product.

[0072] When the requirement 1) of the EC regulations is not met, among any other packaged products but the one(s)
determined earlier as the nonconforming packaged product, the packaged product having the smallest measured weight
value is newly confirmed as the nonconforming product. Then, it is determined whether any other packaged products
but the nonconforming packaged product newly confirmed meet the requirement 1) of the EC regulations.

[0073] When the requirement 1) of the EC regulations is still unmet, among any other packaged products but the
nonconforming product newly confirmed, the packaged product having the smallest measured weight value is newly
confirmed as the nonconforming product. Then, it is determined whether any other packaged products but the noncon-
forming packaged product newly confirmed meet the requirement 1) of the EC regulations. Until the requirement 1) of
the EC regulations is finally met, the packaged products continues to be newly confirmed one by one as the nonconforming
product in the order of smaller to larger measured weight values, and it is determined whether the reset of the packaged
products meets the requirement 1) of the EC regulations.

[0074] Whentherequirement1)ofthe EC regulations is finally met, any other packaged products but the nonconforming
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packaged products excluded so far are determined whether they meet the requirement 2) of the EC regulations.
[0075] When the requirement 2) of the EC regulations is found to be unmet, among any packaged products with
contents having measured weight values less than or equal to the first allowable lower-limit value T1’ and greater than
the second allowable lower-limit value T2’ but the nonconforming product newly confirmed, the packaged product having
the smallest measured weight value is newly confirmed as the nonconforming product. Then, it is determined whether
any other packaged products but the nonconforming packaged product newly confirmed meet the requirement 2) of the
EC regulations.

[0076] When the requirement 2) of the EC regulations is still unmet, among any packaged products with contents
having measured weight values less than or equal to the first allowable lower-limit value T1’ and greater than the second
allowable lower-limit value T2’ but the nonconforming product newly confirmed, the packaged product having the smallest
measured weight value is newly confirmed as the nonconforming packaged product. Then, it is determined whether any
other packaged products but the nonconforming packaged product newly confirmed meet the requirement 2) of the EC
regulations. Until the requirement 2) of the EC regulations is finally met, the packaged products with contents having
measured weight values less than or equal to the first allowable lower-limit value T1’ and greater than the second
allowable lower-limit value T2’ continue to be determined one by one as the nonconforming product in the order of
smaller to larger measured weight values.

[0077] Whentherequirement2)ofthe EC regulations is finally met, any other packaged products but the nonconforming
packaged products excluded so far meet the requirements 1), 2), and 3) of the EC regulations and accordingly confirmed
as the conforming packaged product.

[0078] Thus far described is the screening process to obtain the packaged products meeting the requirements 1), 2),
and 3) of the EC regulation in each group.

[0079] In the description given so far, the packaged products meeting the requirements are simply referred to as the
conforming product. However, even the conforming packaged products may differ in the weight ranges of their contents.
Specifically, the measured weight values of some conforming packaged products may be greater than the first allowable
lower-limit value T1’, while the measured weight values of the others may be less than or equal to the first allowable
lower-limit value T1’ and greater than the second allowable lower-limit value T2'. Taking, for instance, the packaged
products having measured weight values greater than the first allowable lower-limit value T1’, or the packaged products
having measured weight values less than or equal to the first allowable lower-limit value T1’ and greater than the second
allowable lower-limit value T2’ in certain stages of the screening process, some of these packaged products may be
unclear whether they meet the requirements 1) and 2) of the EC regulations, or some of them may meet the requirement
1) of the EC regulations but unclear whether they meet the requirement 2) of the EC regulations. Thus, the applicability
of the EC regulations may differ from some conforming products to the others. To clear this problem, different types of
conforming packaged products are defined for different stages of the screening process, which will be described in
further detail later.

[0080] According to this embodiment, whether to meet the requirement 1) of the EC regulations is not determined
based on the average weight value but is determined based on the integrated weight value, which will be described in
further detail later.

[0081] Next, a description is given to grouping of a predetermined number of packaged products.

[0082] Referring to Fig. 2, when a product at the head of the one-batch packaged products 3a in a group is weighed
on the metering conveyer 15 to obtain the measured weight value of its contents, a one-batch identifying timer of the
arithmetic circuit in the controller 17 of the weight sorting machine 4 is activated. In the one-batch identifying timer is set
required time for a packaged product 3a whose measured weight value has been obtained to arrive at a position on the
near side the product screening sensor 18 of the screening machine 5. Specifically, it is time required to obtain the
measured weight value of a Pth packaged product 3b among at most the P-number of packaged products 3. This time
setting is based on the assumption that measured weight values of the P-number of packaged products 3 are obtained
within a length of time preset on the manufacturing line aside from whether the packaged products 3 actually arrive.
[0083] The packaged product 3, if its measured weight value is obtained when the one-batch identifying timer is
inactive, is confirmed as a packaged product 3a at the head of the one-batch packaged products.

[0084] A group of one-batch packaged products 3 consists of all of the packaged products 3 whose measured weight
values have been obtained while the one-batch identifying timer is active. The one-batch identifying timer, when deac-
tivated, is activated again as soon as the measured weight value of the next packaged product 3b is obtained, and the
packaged products in a subsequent one batch are then grouped.

[0085] The arithmeticcircuitinthe controller 17 of the weight sorting machine 4 includes four different registersiillustrated
in Fig. 4; measured weight value register, magnitude rank value register, nonconforming product sign register, and
screening register.

[0086] All of these registers can store therein at corresponding addresses data of the at most P-number of packaged
products 3 that can be accommodated on the transport conveyer 16.

[0087] In the measured weight value register are stored the measured weight values of contents in the packaged
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products for one batch obtained by the weight sorting machine 4. These measured weight values are sequentially stored
at the addresses (Ap + 1) to (Ap + P). Referring to Fig. 4, the measured weight values stored at these addresses are
older to the left and more recent to the right.

[0088] The magnitude rank value register store therein the rank values of magnitudes of the measured weight values
for one batch stored at corresponding addresses in the measured weight value register. According to this embodiment,
the rank value is larger with larger measured weight values. At the addresses (Ap’ + 1) to (Ap’ + P) in the magnitude
rank value register are stored the rank values of magnitudes of the measured weight values stored at the addresses
(Ap + 1) to (Ap + P) in the measured weight value register.

[0089] In the nonconforming product sign register, a sign "1", which represents the nonconforming product, is stored
at an address corresponding to the measured weight value of any packaged product conformed as the nonconforming
product. When, for example, the packaged product whose measured weight value is stored at the address (Ap + 1) in
the measured weight value register is confirmed as the nonconforming product, the nonconforming product sign "1" is
stored at the corresponding address (Ap"+1) in the nonconforming product sign register.

[0090] After the one-batch packaged products in a group are confirmed as the conforming or nonconforming product
and the data content of the nonconforming product sign register is settled, all of the data contents of the nonconforming
product sign register are transferred to the screening register. Based on the data content transferred to the screening
register, the signs stored in the nonconforming product sign register are called from the left side in response to the arrival
of one-batch packaged products at the screening position of the screening machine 5. When the called sign of a packaged
product is "1" representing the nonconforming product, the packaged product is removed as the nonconforming product
by the screening machine 5.

[0091] Hereinafter, the whole operation according to this embodiment is schematically described referring to the flow
chart of Fig. 5.

[0092] It is determined whether the operation is active with the on/off switch of the controller 17 having been turned
on in the weight sorting machine 4 (Step n1). When the operation is active, a number counter Cu that counts one-batch
packaged products in a group is reset to "0" (Step n2). It is determined whether a measured weight value Wx of contents
in the weighed packaged product has been obtained (Step n3). When it is determined that the measured weight value
Wx has been obtained, the obtained measured weight value Wx is stored at a predetermined address number in the
measured weight value register illustrated in Fig. 4, specifically, at the address of (Ap + Cu) (Step n4), and the count
value of the number counter Cu is incremented (Step n5). Then, a one-batch process start flag Fy indicative of the start
of one-batch process is set to "1" to activate the one-batch identifying timer (Step n6).

[0093] Whenthe measured weight value Wx is newly obtained by the time when the set time of the one-batch identifying
timer is counted up (Step n11), the obtained measured weight value Wx is stored at a predetermined address number
in the measured weight value register (Step n12). Then, the count value of the number counter Cu is incremented, and
the operation returns to Step n7 (Step n13).

[0094] According to these steps, the measured weight values Wx obtained while the one-batch identifying timer is
active are stored one-batch group data in the order they are obtained at the address numbers from 1 to P in the measured
weight value register illustrated in Fig. 4. The measured weight value register has a capacity to store at most the P-
number of measured weight values Wx. Because the combination scale 1 may run out of packaged products from time
to time due to zero adjustment, the one-batch count value of the number counter Cu, meaning the number of packaged
products in a group, may not be equal to P.

[0095] In that case, when the set time of the one-batch identifying timer is counted up in Step n7, it is assumed that
the measured weight values Wx of contents in the one-batch packaged products in a group are stored in the measured
weight value register. Then, computing processes to determine whether to meet the requirements 1), 2), and 3) of the
EC regulations are performed based on the measured weight values Wx stored in the measured weight value register
as described later (Step n8). Then, the sign "1" representing the nonconforming product is written at addresses in the
nonconforming product sign register illustrated in Fig. 4 corresponding to the packaged products confirmed as the
nonconforming product. The data content of the nonconforming product sign register is transferred to the screening
register illustrated in Fig. 4 (Step n9). The measured weight value register, magnitude rank value register, and noncon-
forming product sign register illustrated in Fig. 4 are then reset to be ready for the measurement of weight values in a
next batch. Further, "1" is set in a counter CfA used to designate addresses in the screening register for screening of
the packaged products by the screening machine 5. Then, the operation returns to Step n1 (Step n10). The Steps n9
and n10 are performed before a product at the head of the one-batch packaged products in a subsequent group arrives
at the metering conveyer 15.

[0096] As described so far, this embodiment ranks the magnitudes of the measured weight values Wx of contents in
each group of one-batch packaged products 3. This ranking assigns larger rank values to the larger measured weight
values Wx, wherein the rank values of the smaller measured weight values Wx are accordingly smaller.

[0097] Specifically, this embodiment defines the magnitudes of the measured weight values Wx of contents in the
one-batch packaged products 3 stored in the measured weight value register and store the defined rank values at
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addresses in the magnitude rank value register corresponding to the address numbers at which the measured weight
values Wx are stored.

[0098] Fig. 6 is a flow chart illustrating steps of the process to decide the rank values.

[0099] First, the count value of the number counter Cu representing the number of measured weight values in one
batch stored in the measured weight value register illustrated in Fig. 4 is set in the counter Cp (Step n101). When the
number of the one-batch measured weight values stored in the measured weight value register is thus set in the counter
Cp, the count value of the counter Cp represents the rank values indicating the magnitudes of the measured weight
values as described later. The process starts with the largest rank value.

[0100] Next, data at all of the addresses in the magnitude rank value register illustrated in Fig. 4 are set to "0" repre-
senting an unknown rank value (Step n102).

[0101] Next, "1"is set in a counter CA presenting addresses in the magnitude rank value register and a counter CB
presenting addresses at which the measured weight values to be compared in magnitude are stored (Step n103).
[0102] Using the count value of the counter CA, the address (AP’ + CA) in the magnitude rank value register is
designated, and the rank value is read from the address (Step n104). It is determined whether the read rank value is
"0", representing an unknown rank value (Step n105). When the rank value is not unknown but is a confirmed rank value,
the count value of the counter CA is incremented to proceed to a next address. Then, the process returns to Step n104
(Step n114).

[0103] When Step n105 finds the rank value to be unknown, the measured weight value at the address (AP + CA) in
the measured weight value register, which is the rank-unknown measured weight value, is read and stored in a reference
memory A illustrated in Fig. 7. At the same time, the data content of the counter CA, which is the address number, is
stored in a reference memory B (Step n106). Thus, the reference memory A stores therein the rank-unknown measured
weight value, while the reference memory B stores therein the address number in the measured weight value register
at which the rank-unknown measured weight values is stored.

[0104] Using the count value of the counter CB, the measured weight value at the address (AP + CB) is called from
the measured weight value register (Step n107). It is determined whether the called measured weight value is greater
than the measured weight value stored in the reference memory A (Step n108). When the called measured weight value
is not greater than the measured weight value stored in the reference memory A, the process proceeds to Step n110.
[0105] When Step n108 determines that the called measured weight value is greater than the measured weight value
stored in the reference memory A, the called measured weight value is stored in the reference memory A. Specifically,
the measured weight value stored in the reference memory A is overwritten with the called measured weight value. At
the same time, the data content of the counter CB representing the address number of the called measured weight value
is stored in the reference memory B. Specifically, the address number stored in the reference memory B is overwritten
with the address number in the measured weight value register at which the called measured weight value is stored
(Step n109).

[0106] Then, it is determined whether the count value of the counter CB is equal to the count value of the number
counter Cu (Step n110). When the count value of the counter CB is not equal to the count value of the number counter
Cu, it is then determined that the magnitude comparison is not yet completed for all of the measured weight values in
one batch. Then, the count value of the counter CB is incremented, and the process returns to Step n107 for comparison
of the measured weight value at a next address (Step n115).

[0107] When Step n110 determines that the count value of the counter CB is equal to the count value of the number
counter Cu, one rank value has been decided upon completion of the magnitude comparison for all of the one-batch
measured weight values. Then, the count value of the counter CP is stored as the rank value at the address (Ap’ + data
content of reference memory B) in the magnitude rank value register (Step n111). Specifically, the count value of the
counter CP is stored as the rank value at an address designated by the address number in the reference memory B of
the magnitude rank value register. The first one-batch comparison decides the rank value of the largest measured weight
value, and this rank value is stored at an address in the magnitude rank value register corresponding to an address in
the measured weight value register at which the largest measured weight value is stored.

[0108] In Step n112, the count value of the counter CP is decremented to decide the rank value of the next largest
measured weight value (Step n112). It is determined whether the count value of the counter CP is "0", specifically,
whether the smallest rank value "1" has been decided (Step n113). When the count value of the counter CP is not yet
"0", the process returns to Step n103 and perform similar steps to decide the next rank value. When Step n113 determines
that the count value of the counter CP is "0", it is then determined that the rank values of all of the measured weight
values have been confirmed. Then, the process proceeds to Step n114.

[0109] The measured weight values are thus stored in the reference memory A in the order of smaller to larger numbers
of their addresses, and the measured weight values are called from the measured weight register in the order of smaller
to larger numbers of their addresses and compared to the measured weight values stored in the reference memory A.
When the called measured weight value is greater than the measured weight value stored in the reference memory A,
the data content of the reference memory A is overwritten with the called measured weight value. If there is more than
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one measured weight value of the same magnitude, therefore, the measured weight value with a smaller address number
has a larger rank value.

[0110] Thus, the measured weight values of the same magnitude are ranked differently. In this manner, the larger to
smaller measured weight values of the one-batch packaged products in a group are given different rank values.
[0111] Thus, the rank values of the one-batch measured weight values stored in the measured weight value register
are decided in the order of larger to smaller values and stored at the corresponding addresses in the magnitude rank
value register.

[0112] Prior to the description of Fig. 8, product classes of the packaged product are defined below. In the screening
process to decide whether the requirements 1), 2), and 3) of the EC regulations are met, the following product classes
are defined for a packaged product of the measured weight value Wx.

¢ Nonconforming packaged product:

» packaged product with measured weight value Wx < T2’, or packaged product with measured weight value
Wx > T2’ still failing to meet one of the requirements 1) and 2) of the EC regulations

e Third rate semi-conforming packaged product:

> packaged product with measured weight value Wx in the range of T2’ < Wx < T1’ still unknown whether to
meet the requirements 1) and 2) of the EC regulations

[0113]

e Second rate semi-conforming packaged product:

» packaged product with measured weight value Wx in the range of T2’ < Wx < T1’ meeting the requirement
1) of the EC regulation but still unknown whether to meet the requirement 2) of the EC regulations

e Semi-conforming packaged product:

» packaged product with measured weight value Wx in the range of T2’ < Wx < T1’ meeting the requirements
1) and 2) of the EC regulations

* Tentative conforming packaged product:

» packaged product with measured weight value Wx > T1’ still unknown whether to meet the requirement 1)
of the EC regulations

e Conforming packaged product:
» packaged product with measured weight value Wx > T1’ meeting the requirement 1) of the EC regulations

[0114] These product classes are given for the sake of convenience in describing the screening process to decide
whether the requirements 1), 2), and 3) of the EC regulations are met. When the screening process for one-batch
packaged products is completed, the packaged products are confirmed as the nonconforming product, semi-conforming
product, or conforming product. The semi-conforming product and conforming product are both conforming products
meeting the requirements 1), 2), and 3) of the EC regulations however, they differ in their weight ranges. The semi-
conforming product and conforming product, which are accordingly handled differently in the screening process, should
be separated products of different classes.

[0115] As described thus far, when the requirements 1) and 2) are not met in the ongoing screening process, whether
to meet the requirements is determined while the packaged products with smaller measured weight values continue to
be confirmed as the nonconforming product until the requirements are met. Taking, for instance, the packaged products
in a product class, the packaged products with the smallest measured weight value is confirmed as the nonconforming
product. Once the requirements are met, any other packaged products except the nonconforming product belong to a
different product class. Thus, the product classes of the packaged products change as the screening process advances.
[0116] The third rate semi-conforming packaged product with measured weight value Wx in the range of T2’ < Wx <
T1’ still unknown whether to meet the requirements 1) and 2) of the EC regulations is taken as an example. Once the
third rate semi-conforming packaged product meets the requirement 1) of the EC regulations during the screening
process, this packaged product with measured weight value Wx in the range of T2’ < Wx < T1’ becomes the second
rate semi-conforming packaged product meeting the requirement 1) of the EC regulations but still unknown whether to
meet the requirement 2) of the EC regulations.

[0117] Once this second rate semi-conforming packaged product meets the requirement 2) of the EC regulations as
the screening process further advances, this packaged product with measured weight value Wx in the range of T2’ <
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Wx < T1’ becomes the semi-conforming packaged product meeting the requirements 1) and 2) of the EC regulations.
[0118] When the requirements are not met, the packaged products, starting with the one with the smallest measured
weight value, continue to be confirmed as the nonconforming product. Some of the third rate semi-conforming packaged
products with relatively small measured weight values, for example, may be determined and confirmed as the noncon-
forming product.

[0119] Next, the screening process is more specifically described referring to Fig. 8.

[0120] In Step n114, data at all of the addresses in the nonconforming product sign register illustrated in Fig. 4 are
set to "0" representing any product not being the nonconforming product, and an integrated value >Wr of a tentative
conforming product integration register is set to "0". This register integrates the measured weight values of tentative
conforming packaged products in one batch. At the same time, the count value of the counter CA for address designation
is set to "1", and the count values of a nonconforming product number counter Cf and a third rate semi-conforming
product number counter Ch are set to "0".

[0121] Next, the measured weight value at the address (Ap + CA) in the measured weight value register illustrated in
Fig. 4 is called (Step n115). It is determined whether the called measured weight value Wx is greater than the second
allowable lower-limit value T2’ (Step n116). The measured weight value Wx not greater than the second allowable lower-
limitvalue T2’ is determined as indicating the nonconforming product not meeting the requirement 3) of the EC regulations.
Then, "1" representing the nonconforming product is set at the address (Ap" + CA) in the nonconforming product sign
register illustrated in Fig. 4 which is an address corresponding to the address in the measured weight value register
from which the measured weight value was called (Step n117). Then, the count value of the nonconforming product
number counter Cf is incremented, and the process proceeds to Step n119 (Step n118).

[0122] When Step n116 determines that the called measured weight value Wx is greater than the second allowable
lower-limit value T2, itis then determined whether the called measured weight value Wx is greater than the first allowable
lower-limit value T1’ (Step n120). The called measured weight value Wx greater than the first allowable lower-limit value
T1’ is determined as indicating the tentative conforming product, and the process proceeds to Step n119. The process
then proceeds to Step n119. The measured weight value Wx not found in Step n120 to be greater than the first allowable
lower-limit value T1’ is determined as indicating the third rate semi-conforming product with measured weight value
greater than the second allowable lower-limit value T2’ and less than or equal to the first allowable lower-limit value T1’.
At this point, the count value of the third rate semi-conforming product number counter Ch that counts the number of
third rate semi-conforming packaged products is incremented. The process then proceeds to Step n119 (Step n121).
[0123] Step n119 determines whether the count value of the counter CA is equal to the count value of the number
counter Cu that counts the number of one-batch products, meaning whether the one-batch measured weight values
have been processed. When the count value of the counter CA is not equal to the count value of the number counter
Cu, the count value of the counter CA is incremented, and the process returns to Step n115 (Step n122).

[0124] The count value of the counter CA found in Step n119 to be equal to the count value of the number counter
Cu means that all of the packaged products with measured weight values in one batch stored in the measured weight
value register have been confirmed as the nonconforming product with measured weight value less than or equal to the
second allowable lower-limit value T2, third rate semi-conforming product with measured weight value greater than the
second allowable lower-limit value T2’ and less than or equal to the first allowable lower-limit value T1’, or tentative
conforming product with measured weight value greater than the first allowable lower-limit value T1’.

[0125] The number of the third rate semi-conforming products and tentative conforming products is equal to (Cu - Cf)
which is a value obtained by subtracting the count value of the nonconforming product number counter Cf from the count
value of the number counter Cu.

[0126] Then, in order to determine whether to meet the requirement 1) of the EC regulations, the measured weight
values of the third rate semi-conforming products and the tentative conforming products, other than the nonconforming
products, are integrated for one batch in the order of smaller to larger values. The nonconforming product has a measured
weight value less than or equal to the second allowable lower-limit weight value T2'. If the number of nonconforming
products in the nonconforming product number counter Cf is, for example, two, the nonconforming products in the
magnitude rank value register illustrated in Fig. 4 are the packaged product with a measured weight value of the lowest
rank and the packaged product with a measured weight value ranked second. Therefore, the rank values of the third
rate semi-conforming products and the tentative conforming products, other than the nonconforming products, are greater
than the number of nonconforming products in the nonconforming product number counter Cf. The nonconforming
products, if there are two, are those with measured weight values of the third rank to a rank indicated by the count value
for one batch of the number counter Cu (3 to Cu). Therefore, these measured weight values are integrated.

[0127] Specifically, in Step n123 illustrated in Fig. 9, "1" is set in the counter CA for address designation, and the rank
value of the address (Ap’ + CA) in the magnitude rank value register illustrated in Fig. 4 is called (Step n124). It is
determined whether the called rank value is greater than the number of nonconforming products indicated by the count
value of the nonconforming product number counter Cf (Step n125). The called rank value not found to be greater than
the number of nonconforming products is determined as indicating the nonconforming product. Then, the count value
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of the counter CA is incremented, and the process proceeds to Step n124 (Step n126).

[0128] When the called rank value found in Step n125 is greater than the count value of the nonconforming product
number counter Cf, as indicating the third rate semi-conforming product or tentative conforming product other than the
nonconforming product, a measured weight value Wr of the third rate semi-conforming product or tentative conforming
product is called from the address (Ap + CA) of the measured weight value register of Fig. 4 corresponding to the rank
value (Step n127). Then, the called measured weight value Wr is added to the integrated value >Wr of the integration
register that integrates the measured weight values of the tentative non-defective products and third rate semi-non-
defective products in one batch to update the integrated value >Wr (Step n128). It is then determined whether the count
value of the counter CA is equal to the count value of the number counter Cu, meaning whether the measured weight
values of all of the tentative non-defective products and third rate semi-non-defective products in one batch have been
integrated (Step n129). The count value of the counter CA unequal to the count value of the number counter C is
determined as indicating uncompleted integration. Then, the count value of the counter CA is incremented, and the
process returns to Step n124 (Step n126).

[0129] The count value of the counter CA found in Step n129 to be equal to the count value of the number counter C
is determined as indicating the completed integration of all of the one-batch measured weight values of the tentative
conforming products or the third rate semi-conforming products other than the nonconforming product. Then, whether
to meet the requirement 1) of the EC regulations is determined as described below.

[0130] The arithmetic circuitin the controller 17 of the weight sorting machine 4 has a conforming and semi-conforming
product number counter Cg that integrates the number of conforming products and semi-conforming products up to the
last batch since the operation started, and a conforming and semi-conforming product weight integration register that
integrates measured weight values of conforming products and semi-conforming products up to the last batch since the
operation started.

[0131] The number of any packaged products but the nonconforming product in the current batch is added to the Cg-
number of conforming products and semi-conforming products up to the last batch counted by the conforming and semi-
conforming product number counter Cg. This number of any packaged products but the nonconforming product to be
added is specifically (Cu - Cf) which is obtained by subtracting the count value of the nonconforming product number
counter Cf from the count value of the number counter Cu. The resulting {Cg + (Cu - Cf)} is used as an integrated number
Nx of the conforming products and semi-conforming products up to the current batch since the operation started (Step
n130). Then, the process proceeds to Step n131.

[0132] The number of any packaged products but the nonconforming product, (Cu - Cf) in the current batch is the
number of third rate semi-conforming products and tentative conforming products. Supposing that these packaged
products are conforming products and semi-conforming products, whether to meet the requirement 1) of the EC regu-
lations is determined.

[0133] As described earlier, the product classes; conforming product and semi-conforming product, are only conven-
iently defined. The only difference between these product classes is their weight ranges. The conforming product and
semi-conforming product both meeting the requirements 1), 2), and 3) of the EC regulations may be evaluated as the
conforming product.

[0134] Step n130, therefore, calculates the integrated number Nx of conforming products up to the current batch since
the operation started supposing that the third rate semi-conforming products and tentative conforming products in the
current batch are all conforming packaged products.

[0135] In Step n131, whether to meet the requirement 1) of the EC regulations is determined as described below. The
integrated value > Wr of the measured weight values of the third rate semi-conforming products and tentative conforming
products in the current batch is added to an integrated value >Wx' of the conforming and semi-conforming product
weight integration register that integrates the measured weight values of conforming products and semi-conforming
products up to the last batch since the operation started. Then, it is determined whether the resulting integrated value
(ZWx' + Y Wr) is greater than or equal to the integrated reference weight value Qtt = Fq (Nx).

[0136] In Step n131, when the integrated value (XWx' + >Wr), which is obtained by adding the integrated >Wr of the
measured weight values of third rate semi-conforming products and tentative conforming products in the current batch
to the integrated value >Wx’ of the measured weight values of conforming products and semi-conforming products up
to the last batch since the operation started, is greater than or equal to the integrated reference weight value Fq (Nx),
the requirement 1) of the EC regulations is met, and the process then proceeds to Step n135. At this point, the tentative
conforming products have been confirmed as the conforming product, and the third rate semi-conforming product have
been confirmed as the second rate semi-conforming product. Then, the third rate semi-conforming product number
counter Ch has become a second rate semi-conforming product number counter Ch that presents the number of second
rate semi-conforming products. The nonconforming product number counter Cf presents the number of nonconforming
products not meeting the requirement 3) of the EC regulations and the number of nonconforming products not meeting
the requirement 1) of the EC regulations.

[0137] When Step n131 determines that the integrated value (XWx’ + > Wr), which is obtained by adding the integrated
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> Wr of the measured weight values of third rate semi-conforming products and tentative conforming products in the
current batch to the integrated value >Wx' of the measured weight values of conforming products and semi-conforming
products up to the last batch since the operation started, is not greater than or equal to the integrated reference weight
value Fqg (Nx), the requirement 1) of the EC regulations is not met. Then, one packaged product is confirmed as the
nonconforming product to meet the requirement 1) of the EC regulations.

[0138] After the one packaged product is confirmed as the defective product, the count value of the defective product
number counter Cf is incremented (Step n132). Then, an address number in the magnitude rank value register, having
arank value corresponding to the incremented count value of the nonconforming product number counter Cf, is searched.
That is to say, the searched address number, storing the rank value of the smallest one of the measured weight values
of the tentative conforming products and third rate semi-conforming products, is searched. Then, the nonconforming
product sign register of the same address number is set to "1" (Step n133). Specifically, "1" is set at the address in the
defective product sign register corresponding to the address in the measured weight value register at which the smallest
one of the measured weight values of tentative non-defective products and third rate semi-non-defective products is
stored. Then, the packaged product corresponding to the address is confirmed as the defective product.

[0139] In this manner, "1" representing the nonconforming product is set at the same address in the nonconforming
product sign register as the address in the measured weight value register at which the smallest one of the measured
weight values of tentative conforming products and third rate semi-conforming products in the current batch is stored.
Then, the packaged product with the smallest measured weight values among the tentative conforming products and
third rate semi-conforming products is newly confirmed as the nonconforming product to increase the number of non-
conforming products.

[0140] When there is any third rate semi-conforming product, meaning that the count value of counter Ch = 0, one
third rate semi-conforming product is newly confirmed as the nonconforming product. Then, the count value of the counter
Ch is decremented.

[0141] Then, itis determined whether the count value of the nonconforming product number counter Cf is equal to the
count value of the number counter Cu, specifically, whether all of the packaged products in the current batch have been
conformed as the nonconforming product (Step n134). When it is determined that all of the packaged products in the
one current batch have been confirmed as the nonconforming product, all of the signs in the nonconforming product
sign register are now "1". Then, the process proceeds to Step n146.

[0142] When Step n134 determines that the count value of the nonconforming product number counter Cf is not equal
to the count value of the number counter Cu, the process returns to Step n123 to similarly determine whether the
packaged products including one newly confirmed nonconforming product meet the requirement 1) of the EC regulations.
When the requirement 1) is not met, the packaged product with the smallest measured weight value not yet conformed
as the nonconforming product among tentative conforming products and third rate semi-conforming products is newly
confirmed as the nonconforming product. These steps are repeatedly performed until the count value of the nonconforming
product number counter Cf equals to the count value of the number counter Cu to meet the requirement 1) of the EC
regulations.

[0143] The packaged products among the tentative conforming products and third rate semi-conforming products in
one batch are thus confirmed as the nonconforming product in the order of smaller to larger measured weight values,
so that as many one-batch packaged products as possible meet the requirement 1) of the EC regulations.

[0144] When Step n131 determines that the requirement 1) of the EC regulations is met, the process proceeds to Step
n135 as described earlier.

[0145] Itis determined in Step n135 whether the count value of the counter Ch presenting the number of second rate
semi-conforming products is "0" at the time. When the count value of the counter Ch = 0, meaning that the measured
weight value of none of the packaged products is less than or equal to the first allowable lower-limit value T1’. Therefore,
whether to meet the requirement 2) of the EC regulations needs not be determined, and the process proceeds to Step
n145.

[0146] When Step n135 determines that the counter Ch = 0, supposing that all of the second rate semi-conforming
products are semi-conforming products, whether to meet the requirement 2) of the EC regulations is determined as
described below (Step n136). The arithmetic circuit in the controller 17 of the weight sorting machine 4 has a semi-
conforming product number counter Ck that counts the number of semi-conforming products up to the last batch since
the operation started. The count value of the counter Ch that counts the number of second rate semi-conforming products
in the current batch is added to the count value of the semi-conforming product number counter Ck. The summed value,
(Ck + Ch), is the number of semi-conforming products up to the current batch since the operation started, supposing
that the second rate semi-conforming products in the current batch are semi-conforming products.

[0147] The number of any packaged products but the nonconforming product in the current batch is added to the count
value of the conforming and semi-conforming product number counter Cg that counts the number of conforming products
and semi-conforming products up to the last batch since the operation started. This number of any packaged products
but the nonconforming product to be added is specifically (Cu - Cf) which is obtained by subtracting the count value of
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the nonconforming product number counter Cf from the count value of the number counter Cu. The value, (Cu - Cf),
obtained by subtracting the count value of the nonconforming product number counter Cf from the count value of the
number counter Cu already meets the requirement 1), representing the number of conforming products and second rate
semi-conforming products in the current batch, and also the number of conforming products and semi-conforming prod-
ucts, supposing that the second rate semi-conforming products in the current batch are semi-conforming products. As
described earlier, the conforming product and semi-conforming product may be both evaluated as the conforming product.
Therefore, the count value, {Cg + (Cu - Cf)}, which is obtained by adding the number of any packaged products but the
nonconforming product in the current batch, (Cu - Cf), to the count value of the conforming and semi-conforming product
number counter Cg, is the number of conforming products up to the current batch since the operation started.

[0148] Step n136 determines whether a value, [(Ck + Ch)/{Cg + (Cu - Cf)}], which is obtained by dividing the number
of semi-conforming products up to the current batch since the operation started, (Ck + Ch), by the number of conforming
products up to the current batch since the operation started, {Cg + (Cu - Cf)}, is less than or equal to 0.025. The value
found to be less than or equal to 0.025 is determined as indicating that the requirement 2) of the EC regulations is met.
Then, the process proceeds to Step n145.

[0149] When Step n136 determines that the value is not less than or equal to 0.025, failing to meet the requirement
2) of the EC regulations, the second rate semi-conforming products are determined one by one as the nonconforming
productinthe order of smaller tolarger values, and whether to meet the requirement 2) of the EC regulations is determined.
[0150] Specifically, "1"is set in the counter CA (Step n137). The rank value at the address (Ap’ + CA) in the magnitude
rank value register is called (Step n138). It is determined whether the called rank value is equal to the number of
nonconforming products counted by the nonconforming product number counter Cf plus 1, (Cf + 1). Specifically, it is
determined whether the called rank value is equal to a larger rank value by 1 than the largest one of the rank values of
nonconforming products, meaning whether the called rank value is equal to the smallest one of the rank values of second
rate semi-conforming products (Step n139). The called rank value found to be unequal to the smallest one of the rank
values of second rate semi-conforming products is determined as indicating the nonconforming product. Then, the count
value of the counter CA is incremented, and the process returns to Step n138 (Step n140).

[0151] When Step n139 determines that the called rank value is equal to the number of nonconforming products
counted by the nonconforming product number counter Cf plus 1, (Cf + 1), the called rank value is equal to the smallest
one of the rank values of second rate semi-conforming products. Then, "1" representing the nonconforming product is
set in the nonconforming product sign register at the address (Ap" + CA) corresponding to the address (Ap’ + CA) in the
magnitude rank value register at which the rank value is stored (Step n141). One of the second rate semi-conforming
product with the smallest rank value, that is the second rate semi-conforming product with the smallest measured weight
value, is confirmed as the nonconforming product.

[0152] Now that the second rate semi-conforming product with the smallest measured weight value is confirmed as
the nonconforming product, the number of nonconforming products increases by 1. Therefore, the count value of the
nonconforming product number counter Cfis incremented (Step n142), and the count value of the counter Ch presenting
the number of second rate semi-conforming products is decremented (Step n143). Then, it is determined whether the
count value of the counter Ch is equal to "0", meaning whether any second rate semi-conforming product is left unproc-
essed (Step n144).

[0153] The count value of the counter Ch found in Step n144 to be equal to "0" is determined as indicating no second
rate semi-conforming product. Therefore, whether to meet the requirement 2) of the EC regulations needs not be de-
termined, and the process proceeds to Step n145.

[0154] When the count value of the counter Ch is found in Step n144 to be unequal to "0", the process returns to Step
n136 to similarly determine whether the packaged products including one newly confirmed nonconforming product meet
the requirement 2). When the requirement 2) is not met, the packaged product with the smallest one of the measured
weight values of the second rate semi-conforming products yet to be confirmed as the nonconforming product is newly
confirmed as the nonconforming product. These steps are repeatedly performed until the requirement 2) is met or no
second rate semi-conforming product is left.

[0155] When Step n136 determines that the value, [(Ck + Ch)/{Cg + (Cu - Cf)}], obtained by dividing the number of
semi-conforming products since the operation started, (Ck + Ch) by the number of conforming products since the
operation started, {Cg + (Cu - Cf)}, is less than or equal to 0.025, meeting the requirement 2) of the EC regulations, the
process proceeds to Step n145. When the requirement 2) of the EC regulations is met, the second rate semi-conforming
product is confirmed as the semi-conforming product. At this point, therefore, the count value of the counter Ch presents
the number of semi-conforming products in the current batch.

[0156] In Step n145, the count value of the counter Ch presenting the number of semi-conforming products in the
current batch is added to the count value of the semi-conforming product number counter Ck that counts the number of
semi-conforming products up to the last batch since the operation started. The summed value, (Ch + Ck), is the number
of semi-conforming products up to the current batch since the operation started.

[0157] In Step n146, the number of packaged products with any value but "1" in the nonconforming product sign
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register, which is (Cu - Cf) obtained by subtracting the count value of the nonconforming product number counter Cf
from the count value o the number counter Cu, is the number of confirmed conforming and semi-conforming products.
This number, (Cu - Cf), is added to the count value of the conforming and semi-conforming product number counter Cg
that counts the number of conforming products and semi-conforming products up to the last batch since the operation
started, and the summed value is used as the number of conforming products and semi-conforming products up to the
current batch since the operation started.

[0158] When none of the packaged products meets the requirement 1) o the EC regulations, "1" is set at all of the
addresses in the nonconforming product sign register, where the number of conforming products Cf = Cu, resulting in
Cu-Cf=0.

[0159] In Step n147, the count values of the counter Ch and the counter Cf and (Cu - Cf), which are the data for the
current one batch, are displayed on the setting display unit 17. Further, the count values of the counter Ck and the
counter Cg, and the current integrated reference weight value Qtt = Fq (Nx) are also displayed on the setting display
unit 17. Then, the process proceeds to Step n148 illustrated in Fig. 11.

[0160] As for any measured weight values without "1" representing the nonconforming product in the nonconforming
product sign register by the time when the steps illustrated in Fig. 10 are over, all of the requirements 1), 2), and 3) of
the EC regulations are met. The measured weight values in the current one batch without "1" representing the noncon-
forming product, which are the measured weight values of conforming products and semi-conforming products, are
totaled and added to the integrated measured weight value up to the current batch since the operation started.

[0161] In Step n148 illustrated in Fig. 11, the integrated value >Wr of the integration register that integrates the
measured weight values of conforming products and semi-conforming products in one batch is reset to "0". Then, "1" is
set in the counter CA (Step n149), and sign data is called from the address (Ap" + CA) in the nonconforming product
sign register (Step n150). Itis determined whether the called sign data presents "1" indicating the nonconforming product
(Step n151). When the called sign data presents "1" representing the nonconforming product, its measured weight value
needs not be added. Then, the process proceeds to Step n154.

[0162] When Step n151 determines that the sign data is not "1" representing the nonconforming product, the packaged
product is confirmed as the conforming product or semi-conforming product, and its measured weight value is called
from the address (Ap + CA) in the measured weight register corresponding to the address of the called sign data (Step
n152). The called measured weight value Wris added to the integrated value > Wr of the integration register that integrates
the measured weight values of conforming products and semi-conforming products in one batch to update the integrated
value X Wr (Step n153). Then, the process proceeds to Step n154.

[0163] Step n154 determines whether the count value of the counter CA is equal to the count value of the number
counter Cu, specifically, whether the measured weight values in one batch have been added up. When the count value
of the counter CA is not equal to the count value of the number counter Cu, the count value of the counter CA is
incremented, and the process returns to Step n150 (Step n155). Then, the steps described so far are repeated to integrate
the measured weight values of conforming products and semi-conforming products in the current one batch.

[0164] The count value of the counter CA found in Step n154 to be equal to the count value of the number counter
Cu confirms the completed integration of the measured weight values of the conforming products and semi-conforming
products in the current one batch. The integrated value >Wr in the current one batch is added to the integrated value
2> Wx of conforming and semi-conforming product weight integration register that integrates the measured weight values
of conforming products and semi-conforming products up to the last batch since the operation started to update the
integrated value >Wx (Step n156). The updated integrated value >Wx is displayed on the setting display unit of the
controller 17 (Step n157). Then, the process proceeds to Step n158.

[0165] According to this embodiment, the target combined weight value of the combination scale 1 provided as a
packaged product manufacturing apparatus is manually adjustable to respond to the rate of occurrence of nonconforming
products for further improvements in the use efficiency of raw materials.

[0166] Too many packaged products confirmed as the nonconforming product, or too high rate of occurrence of
nonconforming products increases raw materials to be disposed of, resulting in poor use efficiency of raw materials. On
the other hand, too few packaged products confirmed as the nonconforming product, or too low rate of occurrence of
nonconforming products may indicate overfilling of raw materials, increasing the contents weights of packaged products.
This also degrades use efficiency of raw materials.

[0167] According to this embodiment, therefore, the number of nonconforming products among all of the packaged
products weighed by the weight sorting machine 4 is calculated as the rate of occurrence of nonconforming products,
and the operation is controlled to optimize the rate of occurrence of nonconforming products.

[0168] As arange of management criteria, a discriminating mode based on the rate of occurrence of nonconforming
products, and an allowable upper-limit value FU and an allowable lower-limit value FL of the rate of occurrence are
preset via the setting display unit in the controller 17 of the weight sorting machine 4.

[0169] The measured weight values of packaged products may fluctuate due to the zero point drift of a metering
machine in the combination scale 1, and the rate of occurrence of nonconforming products is accordingly liable to

19



10

15

20

25

30

35

40

45

50

55

EP 3 009 814 A1

fluctuate during the operation.

[0170] Toovercomethe problem, arate of occurrence of nonconforming products FXinthe latestV batches is constantly
calculated for each one-batch process. After discriminating mode, allowable upper-limit value FU, and allowable lower-
limit value FL are preset, FX > FU indicates a high rate of occurrence of nonconforming products FX, exhibiting the
average weight value of packaged products too approximate to the reference weight value Qta. On the other hand, FX
< FU indicates the average weight value of packaged products way above the reference weight value Qt. The setting
display unit serving as a notifying device of the controller 17 displays thereon alarms for both cases.

[0171] At the same time, an average measured weight value Wxma of conforming and semi-conforming products in
the latest V batches is calculated and displayed.

[0172] To instruct the adjustment of the combination scale 1 by evaluating the magnitude of the average weight value
of conforming products and semi-conforming products, an operator checks the number of nonconforming products in
the V batches and an average weight value of conforming products and semi-conforming products at the time. The
operator turns on an allowable value pre-storing switch on the setting display unit of the controller 17. Then, the operator
pre-stores an allowable upper-limit average weight value WUa for comparison when nonconforming products are de-
termined as too few from observation of the average weight value of conforming products and semi-conforming products
at the time, and an allowable lower-limit average weight value WLa for when nonconforming products are determined
as too many from the observation. The allowable upper-limit average weight value WUa and the allowable lower-limit
average weight value WLa further define the range of management criteria.

[0173] During the discriminating mode based on the average weight value in which the allowable upper-limit average
weight value WUa and the allowable lower-limit average weight value WLa are set in the controller, alarms may be
outputted and displayed for readjustment of the target combined weight value of the combination scale 1 based on these
values.

[0174] The allowable upper-limit average weight value WUa and the allowable lower-limit average weight value WLa
may be automatically set as described below. The allowable lower-limit average weight value WLa is set as an average
weight value when FX > FU is satisfied, the allowable upper-limit average weight value WUa is set as an average weight
value when FX < FU is satisfied, and these values WLa and Wua are respectively stored in the controller 17 as allowable
values for comparison. When both allowable values for comparison are stored, the stored allowable values are prefer-
entially used for comparison, and an alarm is outputted when Wxma < WLa or Wxma > WUa. These allowable values
for comparison may be displayable and resettable.

[0175] As for the alarm outputted when FX > FU (or Wxma < WLa) outputted against any value beyond the range of
management criteria, the operator increases stepwise the target combined weight of the combination scale 1 using a
stepwise increase/decrease setting key switch, notillustrated in the drawing, of the setting display unit of the combination
scale 1. By using this stepwise increase/decrease setting key switch, for example, the target combined weight of the
combination scale 1 may be increased or decreased stepwise by a minimum weight displayed in the weight sorting
machine 4.

[0176] As for the alarm outputted when FX < FU (or Wxma > WUa) outputted against any value beyond the range of
management criteria, the operator decreases stepwise the target combined weight of the combination scale 1 using the
stepwise increase/decrease setting key switch.

[0177] Forthe operator to manually adjust the target combined weight of the combination scale 1, the arithmetic circuit
in the controller 17 of the weight sorting machine 4 has a first shift register VSR1 that stores therein the Cu-number of
measured weight values in one batch, a second shift register SVR2 that stores therein per batch the Cf-number of
nonconforming products in the latest V batches, and a third shift register that stores therein per batch the integrated
value >Wr of measured weight values of conforming and semi-conforming products in the latest V batches. The shift
registers VSR1, VSR2, and VSRS, every time when the latest one-batch data is inputted, perform data shift. These shift
registers VSR 1, VSR2, and VSR3 further output and discard the oldest data and store therein data in the latest V batches.
[0178] As illustrated in Fig. 12, the count value of the number counter Cu representing the number of measured weight
values in the currentone batch is inputted to the first shift register VSR1 (Step n158). The count value of the nonconforming
product number counter Cf representing the number of nonconforming products in the current one batch is inputted to
the second shift register VSR2 (Step n159). The integrated value >Wr of the measured weight values of conforming
products and semi-conforming products in the current one batch is inputted to the third shift register VSR3 (Step n160).
Then, the process proceeds to Step n161. In the shift registers VSR1, VSR2, and VSR3 are respectively stored the
number of measured weight values, the number of nonconforming products, and integrated value >Wr of the measured
weight values of conforming products and semi-conforming products in the latest V batches including the obtained results
in the current one batch.

[0179] In Step n161, the ratio of occurrence of nonconforming products Fx in the latest V batches is calculated by the
following formula.
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FX = (total number of second shift register VSR2)/ (total number of first shift
register VSR1)

[0180] The total number of the second shift register VSR2 equals to the total number of nonconforming products Cf
in the latest V batches. The total number of the first shift register VSR1 equals to the total number of measured weight
values in the latest V batches, which is practically the number of weighed packaged products in the latest V batches.
[0181] In Step n162, the average weight value Wxma of conforming and semi-conforming products in the latest V
batches is calculated by the following formula, and the process proceeds to Step n163 illustrated in Fig. 13.

Wxma = [(summed value of third shift register VSR3)/{(total number of first
shift register VSR1) — (total number of second shift register VSR2}] =
(summed integrated value of measured weight values of conforming products
and semi-conforming products in V batches)/(total number of conforming

products and semi-conforming products in V batches)

[0182] In Step n163 illustrated in Fig. 13, it is determined whether the discriminating mode based on the ratio of
occurrence of nonconforming products has been set. When the discriminating mode based on the ratio of occurrence
of nonconforming products is already set, it is then determined whether the allowable upper-limit value FU and the
allowable lower-limit value FL have been set (Step n164). When it is determined that these allowable upper-limit value
FU and the allowable lower-limit value FL are already set, it is then determined whether the ratio of occurrence of
nonconforming products Fx is greater than the upper-limit value FU (Step n165). When the ratio of occurrence of
nonconforming products Fx is greater than the upper-limit value FU, a nonconforming product excess alarm is outputted
and displayed on the setting display unit of the controller 17, notifying too many nonconforming products (Step n166).
This indicates that the average weight value of packaged products manufactured in the combination scale 1 is too
approximate to the reference weight value. In response to the alarm, the operator gradually increases the average weight
value by way of stepwise increase of the target combined weight value of the combination scale 1 using the stepwise
increase/decrease setting key switch.

[0183] When determined in Step n165 that the ratio of occurrence of nonconforming products Fx is not greater than
the allowable upper-limit value FU, it is then determined whether the ratio of occurrence of nonconforming products Fx
is less than the allowable lower-limit value FL (Step n167). When the ratio of occurrence of nonconforming products Fx
is less than the lower-limit value FL, a nonconforming product shortage alarm is outputted and displayed, notifying too
few nonconforming products (Step n168). This indicates that the average weight value of packaged products manufac-
tured in the combination scale 1 is way above the reference weight value. In response to the alarm, the operator gradually
decreases the average weight value by way of stepwise decrease of the target combined weight value of the combination
scale 1 using the stepwise increase/decrease setting key switch.

[0184] When determined in Step n163 that the discriminating mode based on the ratio of occurrence of nonconforming
products is not set, it is then determined whether the discriminating mode based on the average weight value Wxma of
conforming products and semi-conforming products has been set (Step n169). When this discriminating mode is already
set, it is then determined whether the allowable upper-limit weight value WUa and the allowable lower-limit weight value
WLa have been set (Step n170). When these limit weight values are already set, it is then determined whether the
average weight value Wxma of conforming products and semi-conforming products is less than the allowable lower-limit
weight value WLa (Step n171). When the average weight value Wxma is determined as less than the allowable lower-
limit weight value WLa, a product weight shortage alarm is outputted and displayed (Step n172).

[0185] When determined in Step n171 that the average weight value Wxma of conforming products and semi-con-
forming products is not less than the allowable lower-limit weight value WLa, it is then determined whether the average
weight value Wxma of conforming products and semi-conforming products is greater than the allowable upper-limit
weight value WUa (Step n173). When the average weight value Wxma is greater than the allowable upper-limit weight
value WUa, a product weight excess alarm is outputted and displayed (Step n174).

[0186] Then, the process proceeds to Step n9 illustrated in Fig. 5.

[0187] Fig. 14 is a flow chart illustrating an interrupt process carried out in priority to the steps illustrated in Figs. 6 and
8 to 13 at predetermined time intervals, for example, at the intervals of 1 msec.
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[0188] The process illustrated in Fig. 14 includes counting of the set time of the one-batch identifying timer and
screening of nonconforming products by the screening machine 5, which is an interrupt process carried out with highest
priority at the intervals of, for example, 1 msec.

[0189] It is determined whether "1" is set in the one-batch process start flag Fg (Step n200). When determined that
"1" is not set in the one-batch process start flag Fg, the process proceeds to Step n205. When determined that "1" is
set in the one-batch process start flag F, the count value of a one-batch time counter Cfy is incremented (Step n201).
It is then determined whether the count value of the one-batch time counter Cfg is equal to a one-batch time Tp (Step
n202). When the count value of the one-batch time counter Cfg is not equal to the one-batch time Tp, the process
proceeds to Step n205.

[0190] When Step n202 determines that the count value of the one-batch time counter Cfg is equal to the one-batch
time Tp, the one-batch process flag Fg is reset to "0" (Step n203). Then, the one-batch time counter CFy is reset to "0",
and the process proceeds to Step n205 (Step n204).

[0191] Step n205 determines whether "1" is set in a screening timer flag Ftt, indicating that a screening timer that
counts screening time is active. When Step n205 determines that "1" is set in the screening timer flag Ftt, the screening
process is determined as currently ongoing. Then, the process proceeds to Step n212. When "1" is not set in the screening
timer flag Ftt, it is determined whether the product screening sensor 18 has been turned on (Step n206). When the
product screening sensor 18 is inactive, the process ends.

[0192] When Step n206 determines that the product screening sensor 18 has been turned on, nonconforming product
sign data is read from the address (Bp + CF,) in the screening register illustrated in Fig. 4 (Step n207). The count value
of the counter CF that designates addresses in the screening register is incremented (Step n208). It is then determined
whether the read sign data is "1" representing the nonconforming product (Step n209). When the read sign data is not
"1", screening of the nonconforming product is unnecessary, and the process ends. When the read sign data is "1", "1"
is set in the screening timer flag Ftt (Step n210). A drive signal to drive the flipper used as the screening device 5 is
outputted (Step n211). The count value of a drive time counting timer Cff that counts the drive time of the flipper is
incremented (Step n212). It is then determined whether the count time of the drive time counting timer Cff is equal to a
predetermined drive time Tr (Step n213). When the counting time of the drive time counting timer Cff is not equal to the
predetermined drive time Tr, the process ends. When the count time of the drive time counting timer Cff is equal to the
predetermined drive time Tr, the drive signal to drive the flipper ceases to be outputted. Then, the drive time counting
timer Cff and the screening timer flag Ftt are reset to "1", and the process ends (Step n214).

[0193] As described thus far, the data content of the screening register is called every time when the one-batch
packaged products, starting with one at the head, are detected one by one by the product screening sensor 18. When
the sign data is "1", the flipper is driven for a predetermined drive time to remove the packaged product(s) as the
nonconforming product.

Another embodiment

[0194] In the embodiment described so far, the combination scale 1 was described as an example of the packaged
product manufacturing apparatus. However, the packaged product manufacturing apparatus is not limited to the com-
bination scale 1. Other examples of the packaged product manufacturing apparatus may include filling machines con-
figured to manufacture packaged products by filling in a packaging container, for example, powder or liquid in a prede-
termined quantity or of a predetermined weight.

[0195] When such filling machines are used, a target filling weight or a target filling volume is preferably manually
adjusted depending on the occurrence of nonconforming products similarly to the embodiment described thus far.

DESCRIPTION OF REFERENCE NUMERALS
[0196]

1 combination scale

2 packaging machine

3 packaged product

4 weight sorting machine
5 screening machine

15 metering conveyer

16  transport conveyer

17 controller
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Claims

1.

A packaging and metering system, comprising:

a weight sorting machine configured to weigh packaged products; and

a screening machine configured to perform screening of the packaged products to select a conforming packaged
product from the packaged products weighed by the weight sorting machine,

the screening of the packaged products being performed to meet a regulatory requirement defining a lower-
limit value of an average weight value or an integrated weight value of contents in the packaged products
selected as the conforming packaged product,

the packaging and metering system further including a controller configured to divide the packaged products
weighed by the weight sorting machine into groups each including plural ones of the packaged products and
to determine per group whether the packaged products divided in the groups meet the regulatory requirement
based on weight values of the packaged products measured by the weight sorting machine,

the controller further being configured to control the screening of the packaged products by the screening
machine in a manner that the packaged product not meeting the regulatory requirement is excluded as a
nonconforming packaged product, wherein

the packaged products in a group can be present on a transport path disposed to transport the packaged
products weighed by the weight sorting machine to the screening machine.

The packaging and metering system as claimed in claim 1, wherein
the transport path is provided with a transport conveyer that can be loaded with as many as or more than the
packaged products in a group to transport the loaded packaged products to the screening machine.

The packaging and metering system as claimed in claim 1 or 2,

wherein

when the regulatory requirement is not met, the controller determines each one of the packaged products in a group
as the nonconforming product in the order of smaller to larger measured weight values until the regulatory requirement
is met.

The packaging and metering system as claimed in any one of claims 1 to 3, wherein

the regulatory requirement defining the lower-limit value of the average weight value or the integrated weight value
of contents in the packaged products selected as the conforming packaged product is defined as a first regulatory
requirement, and a second regulatory requirement defining a range of weight values of contents in the packaged
products selected as the conforming packaged product is further defined, the screening of the packaged products
being performed to meet the first regulatory requirement and the second regulatory requirement, and

the controller is further configured to control the screening of the packaged products by the screening machine by
determining per group whether the packaged products meet the first regulatory requirement and the second regu-
latory requirement.

The packaging and metering system as claimed in any one of claims 1 to 4, wherein

the regulatory requirement defines that the average weight value or the integrated weight value of contents in the
packaged products selected as the conforming packaged product is greater than or equal to a nominal weight of
the packaged products or greater than or equal to a value obtained by multiplying the nominal weight by the number
of the packaged products selected as the conforming packaged product by the screening machine.

The packaging and metering system as claimed in any one of claims 1 to 5, further comprising a notifying device,
wherein

the controller determines whether the weight value of contents in the packaged product falls within a range of
management criteria based on a latest screening result of plural ones of the packaged products, and

the notifying device is configured to notify that the weight value of contents in the packaged product is out of the
range of management criteria when the controller determines that the weight value is out of the range.

A weight sorting machine configured to weigh packaged products and control a screening machine configured to
select from the weighed packaged products a conforming packaged product,

the weight sorting machine including a controller configured to divide the weighed packaged products into groups
each including plural ones of the packaged products, the controller further being configured to control the screening
of the packaged products by the screening machine by determining per group whether the packaged products
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divided in the groups meet a regulatory requirement defining a lower-limit value of an average weight value or an
integrated weight value of contents in the packaged products selected as the conforming packaged product, wherein
the packaged products in a group can be present on a transport path disposed to transport the packaged products
weighed by the weight sorting machine to the screening machine.
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FIG. 3
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FIG. 10
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